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(54) CONJECTURING METHOD FOR POSITION OF ROTOR IN SYNCHRONOUS MOTOR, AND METHOD AND APPARATUS 
FOR SENSORLESS.CONTROL OF POSITION akmaka i uj> 

(57)Abstracfc 

PROBLEM TO BE SOLVED: To provide a conjecturing method in which the 
position of a rotor in a synchronous motor, having a salient-pole property is 
estimated precisely on the basis of an observable amount 
SOLUTION: An induced-voltage estimation and shaft-deviation computing 
part 61 is installed at a control system, which adjusts the output frequency 
u 1 of an inverter 1 3, on the basis of the value of the shaft deviation At of a 
synchronous motor 2, and which operates the motor 2 in synchronization 
with the output frequency. Currents Idc. Iqc which convert detection 
currents iu, iw into a control shaft, voltage commands Vdc*. Vqc* which are 
to be outputted to an opposite converter 44 and a speed command u r* are ^ 
input The induced voltage of the motor 2 is estimated, and the shaft 
deviation Ae is found on the basis of its phase. When the voltage of an 
inductance is to be dropped, an electrical constant Lq of the inductance is 
used, the Lq is set as the product of a motor-speed command by the 
magnitude of a motor current and the Lq is set as a virtual amount which 
does not depend on the position of a rotor in the motor. The vector of the 
virtual amount is derived, in such a way that the phase of an intrinsic 
induced voltage will not change. 
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[0 0 6 0] ft9©;£»2fSl~Sr3JJtkL m.^0)M& 
[0 0 6 1] ft9©;&3aSg4JSte. <K««ffi»T*'fll^ 

fctfroig^sffi^ii^Aen-s,, c©giigmflE«. ft 

£-DT£.vz>mm&mt>. oi • ad-Lq) id*** 

icosAe -sinAeirv^j _ rcosAe -sinAeiri 4e i 

cosAG J[v, c j " r [sinA9 cosAeJ[l, c J 
-11 ["cos A0 -sinAe 
sin AS cos AO 



sin A9 



o][: 



*U7^?>xhM tmmtzmmmmft. aq-L 
[0062] &$*uwmziottz>nm?>n&\z$tm-t 

ft3£ft9^ttALT» ftl 0£#£„ 
[0 0 6 3] 
[ftl 0] 



cos A9 -sinAOl 
sin AO cos A9 



I::] 

] [l,c ] + [k. <*> r + ^(l„- l, ), + (l, - L d )x pi, ] 



[0 0 6 4] ftl 0S3»gl/Tfr>< «^WtC{R^ 

3£«. fti i tvxm^n^o * 



* [0 0 6 5] 
[ftl 1] 



^Hv]""4 t h*^-r.T: 

. dt J 

•K^ + ^-l,)i <+ (l,-lJ-pi,}.[^] 



[0066] si i^e.A9^<^imts. * 

"T. ft 1 1 <Dm&mi£m$: : ££tt>T. ft l 2£#. ftl [0 0 6 7] 
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16 



fk E (4 +o)(L <I -L,) l <) | r s inA9 
1+(l,-lJpI, }'[cosA8 



~ 1-d 



din 



dt 

dt 



b^m of: 



[0 0 6 8] . 



* * 



A8 = tan"' 



1 3] 



dAe 
dt 



■i. 



[0 0 6 9] UJiCO^vlZ, J§S^©«EE^8SCT**-5 

£«T, *Jffll«l<!:^«l©«l-rnA0<£*TgCl 3##£ 
>l(D^tHC0jggTtt, sinA 6^A 0 CDifi<K€rfT 

ioo7.oj.fti 3cD*ia{r*5^T. us— mm-czisi^ 
[oo7i] A5CD^tt®:i*>e». nmmmtmmm 

[0 0 7 2] 
[&1 4] 



dAe 

dt 



[0 0 7 3] ^KS^JW^-^^iSLte^TKlbS 
C<Dfttt>> 3(0 I d c. I q c (OEI&gfl 

«ssci 5w±5{cffi^T#, mrnmfejum 1 6 ti§ 

[0 0 7 4] 
[&1 5] 

[0 0 7 5] 
WU 6] 



A0 « tan" 



V ac -r 



1, 



dt 



V„-r-l,-L, 



dl„ 



dt 



30 



40 



[0 0 7 6] JSC 1 6 (Cin«. fcH&P*ft©&gtC#;#T£> 

s. ceo a e&m^fz#*mmco®.w±.>-v-uxffl 
£?zfkffi&^Mmtemmfctzii\z&\,*T%>. bbpil 

[0 0 7 7] ^^StBl^^-^dtaKigb^Vi 

fit) ©^bR^-^mS5Ofiffi<0^t:^*bT^-5„ 

StEiu, i wC, iu=Im-cos ( 6 dc+ 7c/ 2 + <t> 
c) , i w== I m • cos (0 dc— 4 ?r/3 + 7r/2 + d> 
c) ^AL, Idct I qc(D?S^*fft®-rn«*$tl^ 
OfcfcU <*> c ttttgitco&ffi) . 

[0078] tc5t> ^-fmm^fkmt-movtm 

Ttt. ^-*«^(0*£$;Rcm*gco^fcttlK/hT&.5 

-T. «8EIdc. I q c©^>JB£te&T-#&£<£j£-r 
$ & ICffiBSYb^tXfcttftUt^^.*: UTS 1 

[0 0 7 9] 
[ftl 7] 

V de -rI dc +C4L q t qi 



Ae-tan - * 



50 



[0 0 8 0] &1 7Ttt, -f >^^>X©/1^^-^ 
Ti&gft(OteL qC0*-£:&9, ^ 5 CD^<^ hJl/0<hlHi; 

tt'>^Vi&t*»S foT. ^Cl 7*fflViTth-rn 

A 0 £81^ €e*0i|2. 3 ICtfc^TDA-Xh 

[0 0 8 1] tl7lt -f >^^^>X»{Si®«JI^T 
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VL' ©fWlatftL q VL' (D&m**-? 

[0 0 8 2] <Ki®«JI|SrFVL* ©£?ttHCL q <hffi©S 
&&Lq' £ffl^fc*-&, VL' HkW9 4 £<£ 

te#3fe©&ffl<hTnTL£3. L*U LqiLq' © 
gALq##^*U3\ ^bfc^jg«ffi©d!|«J&#©* 
" co 1 • AL q • I q" . qi^O^f^tt 
KE • co r+col (Ld-Lq* ) Id" tftS© 

^X-^ttLq' £JflVaT-%. #*©Hi@«ffi©&*B© 
[0 0 8 3] i& VL' ©&*B£9 0gf£W©&ffit£ 

[oo8 4] ■«i-r*iit)eao«o*m*Rwr 
sttfnA eo«t3tas«t«u^*». NrrnfittRMftii 

6> 0>lt£5te*ftt*K9i*'«. 

[0 0 8 5] 0611 03*5«k#04 tHO^fTT?©^ 
hJP0£, «SStt***PtbT*bTU-5. ft**, qc 

8lJO«ffiV 1 ©fitfBSr* vtT-5. q 
^SitttcoffifflS:c/>m<i:-r^. *mt * c ©|HK:tecf>m = 



It 



10 



[0 0 8 6] «*||fc£fM*R©»*£L-TiS.R£. * 
— ^TOnftJEE^ hJPi^E-^m^iz h;i/f4, fti 8 

[0 0 8 7] 
»18] 

[-VjSin 4> v l 
,cos<|> v 



-R 



cos(A9 + 4> c ) 
sin(A6+<|> c ) cos(A6 

cos(A9 + c|> c ) -sin(A9 + <|> c ) 
sin(A6 + <()<.) cos(A6 

[0 0 9 3] jftl 9*. ftt««BE»T*JflV>it»&©SSE [0 0 9 4] 

<*K*m*&«W©*ffi2r8*T**afc 9 ICftA LTl [ft 2 0 ] 



[0 0 8 8] »18©^ h)H(l *cit©*[n]!c*fL. 

JEEVltt, «8StS[3<rrs«JEE^*t-V 1 -sin* 
VC350, «S!Ei:|B|*(o]©lij£^dlV l..cos*v 
Tfe-5o mm\z, -It^rAoA^JOtjVTftD. 
ra#l*l©j&$*a*iiSSt©;*;€?$ imt?»5. 
20 [0 0 8 9] — JgJn©«J£|SrFV r tt«tt£H4ifrfB 

*lRj©«ffi^*t r • ImlCte?.., Sfc, -f>^*> 

tzmfttzfrz, tttt&rarr "-Lq • a>i • 

Im" T$>9> «SttH*Rl©*£Ej«»*«*fc&*. ■ 
[0 0 9 0] «±«k0, «tttt«£9£l-fc:SSjB*E 
ttv mSSE£:ifi3£-r "-V1 • s infv-Lq 

• co 1 • I m" , nMtm-Jj&Wl&tttf "V 1 -cos 
<f>v-r • Im" tLT^ft^tl&tbZnz. lot, 
30 c:n50i*It»fttf, «M^fi6»:*in**J&S2:i 

[0 0 9 1] m51ttft^«*i:Lfct^©«JE^@ 

tt©^£E. h;M*ftl 8©HSSt$ft£**P£l>& 

[0 0 9 2] 
[ftl 9] 
- sin(A6 + <j> t )1 f- V, sin $ v ' 



+ 4>c) J[ V, 

+ ♦.) J[lmJ 



cos<J> v 
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+ 


[ * . 





0 



+ fc «/^,(L d - L, )- Id + ( Lq - Ld )• pi, }■ [ Sin ** I 



20 



[0095] &2 oo)&mm4mz\s. *»t«n?ffi$jL *-&. 
rzt%<DM&mj£<D&:ism®L<i>mtf<£i£nz> < , %mm4 [0096] 



■ «an" 



V, sin 4> v - 



V/cos*, -fl„ -L d 



dt 



[0 0 9 7] dCT, Ae^^m-^cTib^^, ftbf »• [0 0 9 8] 



AS = tan" 1 



V t sin4> v -{^L S +L,^ + L d ^ 



■I. 



dt 



[0 0 9 9] »9C0^ia{c*JliT, ^-^JE 3 
Vl£&ffi<i>v, I mtfitt* c, fflfflm 

[0 10 0] 
[&2 3] 



A6 = tan " 



V,sin(f) v - <^L •!„ 



V.cos*, -r-I. 



"4>c 



[0 10 1] &2 3lC«ktlfcr. ®JPtt(D^:S(Cfe#-r-5 

£ t & < «?bi Bj^^ffl*^ s^sacottrrnA a e 

[0 10 2] &*5. 1C16. &1 7. & 2 K 

3k2 2&.tf$c2 3 0)*rtl"en\Z&\,*Tm^fztnn<D&m 

^$gffl^-7t~7t (rad) iznziftzWMm&zm^ 

[0 10 3] l£fz. *WlWC\Z : {:—?®fcT<Dm&.Jjfa 

tfjE<Dm-e>\z-3\,*TmM b&at, ^^^m^m^ 



[0 10 4] ^±ifi^*:J:3fC. ^^TteftJiJP^S, 
«S'JW^»^ffll^Ttt-rnA 6 

&mm*—5<D&m±:>vu^MW&\xT<Dj3mz£.-o 

[0 10 5] SfSlCD^fttLT, #e.tlfctt-rnA 9<D 

30 Jf5£ffitcS-3*UT. a e^tc/ct^jcpjct— 5>\zmA. 

?izmtii%c&fflw-rz>z\£\zj:-DT. &m\Bim$ti& : £— 
? v>mfc=?mzfe®.?z>^\zMW-x:zz>. *fc, is 2 

$ti<ommzm'ft?z,j:o\zmffl2nz>. 

[0 10 6] tu5t, infj£Lfc&l 6, gfrl 7&-5^ 
«^2 3T^$nSttTtlA 6>CD«I^«, 
40 *-*^&CDM£-&T£«£teA0£IEl,<}t5e-e 

^ ^ - * umic «t o xifn a 0 comfit \z \tmmw*k 
[0107] . si7 »c*^t. mm a <? *m 

A^V^t^ttt. 04IC*5UT(Ri©«flE^TVL' a** 

^<fct-s*^. mi£isrzmmmj£e>&mz, s&^ep 

50 T^LfelflS«JEECOXfii«fc0fe>inxb*5. 
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mn r ^#^»^tC«04 (i*5^Tttffl^TY r Ofijz 
[0 10 8] £4±©J:plc. /f?;t-^KgK:J:&ig* 

s$w&$rrnA e ©sneat^i- «. 
[oio9] zL<nm&<Dtz$>, fflfflmcD&mtmmz- 

[0 110] ^n*jS?tC*A-S<h, 0l«l<h*flPttl©&lS 

[oiii] mmmrn* e ettiEcofcaeK «)-rti^M« 
=e-?\ztiax.z>$iffimf£(Dmiti$k<o i ^ie-t^.,, 
ffi*^iEt--5. «iTnKM««fiSA e * izmmmth 
v^iiT. *:-?mffi&m'MtTz>&oiz&, e *&m'h 
MfCttTnitSTO^^A 0 e{c^o^<>a<-r^. 

[0 112] 

immvnmomm ^m^mmmmz^x. mi 
fr$m 1 2 #rebTi5i^-rs. a i «*^^cD-siig^j 

McD^^Sr^-r. mmi lteififttSJEEd c£tf3fiE 
U ¥tf3>7 ; >-9-l 2£^f^. jiSit^JEEd c« 
•f 1 3KJ;oTnr^«JI. pJ^^KOffl^ 

[0113] memsimm i«. t-^ass^wsBa 2 

±OiRi®lHlte^d c - q cffi^Kfetf^d c 3tt«SEt 
I d c . q c fft^St I q c SrHJ^T-S. «S5 Idc. I 
q cte&tUL/fc^e— ?mffi i u. i wrt>£>^&£ft£:gi 

[0114] mmnffi idcii eftEfg^ft^gB 5 2 

M#SM¥$*l£. d«j««tft!|ffllg|54 2 dtttft!2*«tK« 
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ks-^t i d c rttm^Mtcjfifirr&j; -5 jcftwrs. 
ra«fc, «®M8siq C «. mm^i¥^5 2^e,tH 
^^n^«i^jt^ffl 1 q c * tttfe$n«sg^M^»e 

£n*>. q||!«SifM«gR4 2 q ttffie*«RSSfc£-3l,> 
T I q crt<»^«fciiraT*J:3fclWW-f *. 

[0 115] «^7^-h*7*7-K*j§«g|U 3te«iiit 
*S&|6]±. RlXdtttqW*SSt*IfflI*F^C7)#^^t;<Dfc 
*l:fflV^ 7 ^ - H 7 * 7- HaiSfT*!.. dW« 
ftfMBSM 2 d. q««8K*d^g|54 2 q , *5<fctf«2iit:7 
10 -r-H7^-'7-H«i«gi54 3{Cct0til73$nfe«#t<i; 
t>. d«b«EJ§^Vd c *. qitE^Vqc*^i 

[01 16] mmmm4 4«, in^vd c *. v q 

c *<tD. fe«[Hie^e d c 0 d c Kfi^H 

Ti5*^&£fT^. 3 ffi^JEfg^rV u Vv*, Vw* 
*^-r^>. ffr££nfc3ffi«JEft^t;:ScfVv-c, 
X"H^Hg&4 5lZ«l:Ojna<D/XJ^4HXm (PWM) $ 

^ 1 3 <D*m&xi vT-mf-tffflwznz. 

20 [0117] jfiSftJiSPSB 5 1 Tli. igggf^roj r * <hft 
flKw r_d etiO h;i^f§^ r * $fPfiK-r-5. M 

fg^ I d c * . qtt*SSm^ I q c * 

mm<» r_d e t tefflfflmomfrmmx&z^ >n-& 

30 [0 118] 7^*3. *^*ffl»CD^ffFtt5l<CDi6H(C*5ViT 
±IB©5 0~5 2©«-gB^*i*T«8itm^J5£ge 
tP?y:, 4 2d, q~4 4ROt5 3~5 5<o§gg 

[01 19] *^ig«sjcD!it®gp£^:^i5ismffi • «rrn 

Jt^iH»g|5 6 1 «. m^-T^J:5JC*EEm^Vd c 
Vqc*, ^(±J«Sg Idc. Iqc, *5 cfctXimejiSIt 
$8£LTSS^co r *©fit^£l§IJ« ; E-;$'2©ijfig« 

-rtut^MAe^^Ltii^-r-s. sfc. gissjio^: 
40 i eo i ^tb*-ri>. 

[0 12 0] ®lTtimmffiM&7 teMfeZWzWftlA 

0 5>'$l}tan,lS.V>mmkw l Bli 

D^ffijSfta) r_d e t t^tftttlB (iRSIie^fi: 
M) 9 d c ^ig^LtH^-r-S. a> r_d e tttaS$iJW 

gps 1 ommfcmmT'^-i? 2 tvxm^z 

tX«.. 0 d c «ffi^MSP4 1 RUtjSS^«IS54 4 

50 tC^UT^^frpl^lcfflV^n-So 
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[0121] #.iz.&&o)mtf?&wm\zmwtz>. i7(j 
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* 1 1 XIZ®. 2 4 T, d c - q c J^fft_k<Djg$!|« 

Si de, I q ctfm&£tlZ> 0 
[0 12 2] 
[&2 4] 



•cos 8. 



+i« sin 0,, 



tztzL. 



= 1U, 



0 

e cos9 d 



[0 12 3] *:-5>2<D%imm.m i u, i wJCteX^-y 

4"l3^fflSt, dc-qcliil 
4 12. 4 1 3<Z>f$56&te. 4-->n—99>7>>iy$->9 

[0 12 4] ^(CjgS$iJfflIgf(C^UTijiBJ-r'2>. iiSfJg 
Sai r_d e t ti, fOf (co r *) -co r_d e t 

in^gg 5 oxmnzn. m&fflffl&5 l-cAAsns. 

>i*$W g& 5 lttt co r_d e t ifiu> r * JcittrT-S <k 
Sitm#M Idc*tqc ttSBSI&^ffi I q c * 

#-rs. znzcDmmm^miz. m^mtzm^xmrn 

e>Wmm$k&m'Mzt3iZ> J; •? -5. 

[0 12 5] mS5tf^ffr&g& 5 2 <fcO 111 nfcdW^i 
Sitfg^ffll dc*i, M£Mffi4 l**5ttlftS*ift:d 

Mtttt i d c ttjo#§i5 3 icA^^n. mm<Dm^m- 

3n?>. d ttmSEfeliaf SC 4 2 dTIl (Idc*) - I 

mmi£v i diwjjt<nz>. stz. mmm^^s 2 

4 lfrztujizntzammmi qciztanmzAtus 
n, w#©n«»sw$n*. qM«aEMffas4 2qa. 

(Iqc*) - I q ccOfit<5r^{C-r^>«t3^««mjE/&i 

fi&mctm^ffi Idc*, q ttHSitm^-fii Iqc*. fed; 
tf&afft^co r *«mcS7^ — K7t7- K*f«gB4 3 
(CA^^n. dtttfMEVdm*. SicfctfqfclHE^ 
^*ffiVqm*^tii^$n-5. Ctf)^— ^JEtx-Wi 
Id*. I q *, co r *£fflV>. f£2 5 iC <£ 9 £ tt 
•5. 

[0 12 6] 

[S2 5] 



v *n =r c I d -a), L^I, 
v »n' - ",'LfcId* + + 

[0 12 7] ft2 5<Z>%-^tt£%7*;i't2ft2.J:!J*ttl 

20 wrttg^LHtSatSfefe, col^cor *(CS 

[0 12 8] ditttttEV I dtdtt^ExVl^JEEVd 
m * OfD^tJnSLgg 5 5T?S?££*U d cfWJEJg^Vd 

c *a*a»*»*4 4fca**n*. qffl«««jE 

Vlqtq *fc=E5\>MBflE V q m * Ofa^Jn^gg 5 6 Tgt 
I^n. q cNAJE&frVq c *#<j£X&flS4 4 fCdj* 

[0 12 9] a»SBijl«4 4tt«W«fc±Tr©*£E»4^Vd 
c*. Vq c *£§ttT3ffi«JE*g<fr*£jdc-r*. fll 
30 t>, d citmvd c *isj;tfq cttmiEif^Vq 
c*£A:*7<i:U S2 6l:t-3T3MBI^Vu* t 
Vv*, Vw*/0t^^n-5„ 
[0 13 0] 
[«C2 6] 

v„' = v a ' 

v.«=v a ^-cos|) + v,*|cos|) 

v»'-v 0 «^cos|j + v s ^-co S j) 

40 fcf£L. v 0 * = V* • cos 9* - V qc ■* sin 6* 

• v,*-V 4e »sine ae +V (IC '.cose di: 

[0 13 1] /V^mHMW4 5 ttfE*n©/WX**H 

863 1 lZ£-DX\g.ffim.Et&<Dmf£E d c &mm-?z>* 

[0132] wzmmmiz • fft-rnas^iScirsBe 1 tc-o 

^SIffgB6 1 &$WteT£-5d c - q c^?S(C*5ViT 

so mrn&eitwinv. m^.m^mtir^. 
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[013 3] m&nm ■ m-rtimfem&m6 i 1 -m. 

IltSldcWlgc. n&m&Vdc*. Vqc 

*. mmm^o r *v>m^b. dc-qc&siwtcim 

%m&mi£<Dd cmfoftE OdcRtfq cttJ&frE 0qc£ 

[0 13 4] 
[ft2 7] 

E Wc -V (e *-r e -I dl +^"V I *« 

[0 13 5] t2 7«&l 7 <fcD*iiJ2n3t>©T*. ft 
1 7 ©ttjESrfHHtlC. ifcfc^-^ft (r, Lqft 
£*) £T^Tt£«ffit::gi*&;tfc*>©T&£. £fc, * 
—9 2 ^K«H/'&ijT?IftSnTl>« i^. ftWMOlBl 
'(SUE *BJinttffi©Jli£ft) co 1 tii^fgfi^fflw 
r*tSf^l^tlftUtv co 1 £co r 

£>ft^U;£co 1 £JBV>T ! b<fcV>. 
[0 13 6] i^»g|56 1 lT'«l^$nfc^ie«JE«^» 
g&6 1 2 plCfcoT, qciA^^glffi^h^ 20 

etc. j£tbtzm&mmn? h;u©*#s i eo i 

SP6 1 2 nfci^TSSlffiijn. 

[0137] 09it mmmm • tt-rnit^?gflcge»s'j 

^Vdc*i5J;tfVqc*K, St®gE6 13n, 6 13 
pC£oTSJEfg^r©;*;#£V 1 * qcW^W; 

Sit I d c *5cktf Iqcli S^tgB 614n, 6 1 4 p \Z 30 
<fc-pTttSSt©:*:i*£ I mi, q cmfrZfrtzmffi.^? h 
)V<DW®4> ctfiS?*3n*>. Jfc&fcV 1. 5c, Im. 
<J> c coffin £ . »|£gB 6 15 #t5fig«JE£ft 2 8 i;So* 

[0 13 8] 
[ft2 8] 

E 0 . - -V,' sin(6. - 4>, ) - co/ L^- I„ 
B^-V.'eo^. -«,)-!;• I. 

[0 1 3 9] ft2 8«ft2 3 ±0^tH$n-5 ; bcT)T, E 40 
0 xd»«8M*oa[5f35ri^j«». E 0 y«««8Mft»lSJJaE«' 
**LTt»«. «5£3n&IJiie«EEEOtt, i&SSB6 1 
6 pICfcoTgiemjE^.i' h;i/©{fc4B^£*fcttifftt© 

tt4B4>m€8t*-r«. mw&6 1 7«, h 

)Wf* £ 3*tz.%Wfo<n>®te <t> m ii , q c ^-^«8it^ 
^ h;P©&ffl<i>c©||75>S, WTtXA 0«r*i?)^). 3 £ 
tC, #i6£:l§igttJI'-<:? Wl^E 0 ©;*:££ | EO I SiSS 
ffSB6 1 2 

[0 14 0] #3fcj6«Ttt, JiKEc7)«t5(c^S*)E • M 

■rnmfem&M6 1 (6 1 • ) ^jttufcifnAe^ 50 
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txhJC. -t >A'-^W^M(o 1 JiitS. =E-9 

lEteWf tctt-rn a £> #iEcDP$te, m'wm&m <? d c &m 

Mtt«-0dJ:.O>bftA/'CV»«»6. -f WN'-^j&ftco 
l£Ttf. <HffM©EI«&M&3-tir<&. i§*lC, ^E-^IE 
<EI»* KMrm A 0 ##*©P*tt. $iJP«ifirffi 9 d c #t$M 
{itB0dJ;r)SftTV>S^£, -f>A*-^^jgfta> 1 $ 

[0141] &,±<D^o\z\,x^tbr^yn-9mm.^. 

asijps-cfflv^^-^jgsjftSMtr-So unci 

[0142] 010 \zmgz&iamfe& 6 2 ©stysey^ 
-r. m&mi£ • «iTnjf^#g66 1 K«toT««sn 

tmcsns. *a»g§6 2 i©m^«p i*t«g6 2 21c 

A^3$n-5. PlMIg6 2 2TH A0£A0*K3i 
SES-tf&J: 3 »C-f >/t— £r(H*iNIHfc«> 1 

ft*s, ^c«iswnp i*t«et*i-o^R*«v>T'b 
[0143] iinicinfcf, «rrn a 0 <Dtgmi&mz.<£ 

[0 14 4] P Iffl«Sg6 2 2©tb*«, M?nA0£ 

z\<dk.v>. p immm&2 2cr>mts^-9 

»tt««5Rfl:-r*. **ifi««]-cta, ffi^jlii7^;p^-6 

«Jt^Ma> r_d e t i LTtH^JbTl^. ^^{C, « 
»gg6 2 4W>/t-^(B*I»»w 1 £«#LT. 

[0145] 011 6 2 ©glj©!«£0ij 

±$-ar«.fca6t, 01 OC^L-fcSIJiSgiJtc^UT, 

mmcDK^t: 1 eo 1 ^ejas^«sr-5#©*jiJDb 
fct>©T*^.„ «je«js • Mrnff£tt#86 1 ictsu 

T*Je>fcigjgSJI©^:€$ IE0 |», R9J:9ft2 9 
©J:^{C*$n-S<, 

[0146] 

[ft 2 9] 
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jEw^c^^ti^-^jssw r Kit err ft3 0 «c 
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[0 14 9] Z\ HT, kEC«^-^W^mJE^©^: 
Ld cfc J; £*Lq c&4^>^ O^ffiX 
I d ttMff M|-?0>ffi8Httt I d c . I q c 

[0 15 0] 01 HZ&^T. mi&m&CDjzZZ I E0 
It., IS 3 0 <Z>|gje«Effift k tt. «#Fg§6 3 5ICA^J 10 

sns. «g§g6 3 5tbieo i /k*^»$n. m 

@«JE»^©JttS*«a) r_e s t #ffl;fj£n£,, ft)SL 
g§6 2 6Xtt» PI«iS6 2 2©a^ia>r_es t 
CO»^#2n> ^ >n-*m-:&««Ra> 1 tfMJjZn 
2>. Z.V>mi&\Z&tUi. co r_e s .t #S£tXft#t&1Tn 
fc#£P I iiS6 2 2&ffimTZ>£o\Z.tz2>tit?>. ffl 

[0 15 1] J)0*8g6 3 7fclSV»T, o> r_e s 

tiP I*HK236 2 2©tU^^e,ia^fi£^^KD^^ 
£:*<Df07^ff£*U ^-^Jt^jS^w r_d e t £tij 20 
&*5. 01 lO&jfcWrtt. P I *i«gg6 2 2 

ft) r_e s t lC^im-5>^IS£*ii«rr£&i& 

[0152] tu^T, anema • wrn«i«*jiE« 6 
fi£8B 5 2 ^^xm^st*** o © h;i^ ^m-rfcie){^ 

r UTmSSfi^M I d c *. I q c *^^[ 30 

-r*. &s©<6T£jg£, a«©naigB5i*t 

^Ir*©i»i:4t), ^-^StOA^ I m 

[0 15 3] **M0iJ©ill-rn^Mffl^7«. 
©^5 fc«U6ja**.*«-&K:, Ii©ff* 40 

*tt<rr-5#@x&£o a#»4**«R«sn* a <? *i;m 
^-^siiceststtfnA <? e tm-rtimmmmm 

&6 *<DftttS.Z>o fCt. tt-rtl^H««filA 6» *£ 
^— I m#ft/M£&-5J;5t;:ISfiU A 6> * + A 

[0154] 012 iCttTn^Mffl«M A 6 * 

a 0 *\zm&t&fe-zn. ^—zmfficDX^ztf i m 50 
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I q c * ••• q c «|«Sit^, V d c * - d c SttajEig 

^r, vqc*-qciisi^ a e *^-m-rtimmm 
mm. 



[0 2] 

m 2 



(01 0] 

m 1 0 




'r.det 



8<fc 



62 SSttffiJtt^gt 
1 



623 



622 



LPF 



1/b 

T 



624 



Kp 




Ki/s 



621 



AO* 



(17) 



#fH§2 0 0 1- 251889 




[0 3] 

m 3 



[04] 

m a 



tr 




. dc 



Id 



(3555 «E> 

tr 




■ >d*-*ad«si 



[07] 



II 1] 
1 1 



41 



Idc 


^412 


^411 


hi 




LPF 








Iqc 








M 




^413 

















0dc 



tur_det 



62 SSttfcfcfctf 




A 9* 



A0 



(18) 



#^2001-251889 



[05] 

sa 5 



ime] 
ei 6 



o>,Lq-lqc 




L ?\cu,Lq-ldc 

IVOJ/KLd-Lq) <o x *td 

.as 

,de&£flUK*t 




[0 8] 

El 8 



612p 



A 0 
-e 




tan* 1 




ED| 






-e 









V 



61 



611 





= V d /-r c 




qc qc 








V 1 * 



61 2n 



Vdc* 



Vgc* 



Idc 



Iqc 



II 2] 
1 2 



A 


/ 

lm / 




\. ^ 






if 
O-i- 




— ► 



(19) 



ftffl 2001-251889 



[09] 

a 9 



a e 



eo| 



61* 



615 



E 0 , -V I -cos(« e -* e )-r e I qt 



61 3n 










61 3p 


^614n 


Im 






«s 


4>c 





<f> c 



616p 



En, 



617 



— t: 



tan 



1 r J 



61 4p 



61 6n 



Vdc* 



Idc 



Iqc 



(72)fgBJNf igji HflE 

*«*±wm*teiir6os#jft w^tta 
(72)^bj# hjs mm 

ft«ftf?r±iiMfj*»ri*j 



(72) &mm m# # 

Fit— A(##) 5H560 BB04 BB12 DA13 DB12 EB01 
SS01 UA02 XA02 XA04 XA12 
XAI3 

5H576 BB06 DD07 EE01 EEI1 GG04 
HB02 JJ04 JJ22 JJ24 JJ25 
JJ26 LL14 LL15 LL22 LL24 
LL25 LL38 LL39 LL41 



